first group of animals was killed at a phase representing "day" for both the T 22h and Ͼ24h rhythms (labeled "A" in produces a coherent read-out to the rest of the organism. Intercellular coupling mechanisms must coordi- of these means were less and greater than 1.00, respec-
Figure 1. Forced Desynchronization of Circadian Locomotor Activity in the Rat
Locomotor activity of an illustrative rat (not sacrificed for the present study) maintained in a symmetric 22 hr LD cycle (11 hr light, 11 hr dark) and displayed as a double-plotted actogram (left), i.e., with activity on day n followed by day n ϩ 1 horizontally, succeeded by days n ϩ 1 and n ϩ 2 on the next line, etc.
Two locomotor rhythms with different period lengths are expressed simultaneously, as diagrammed on a reproduced version of the actogram (right); one rhythm is entrained by the light and oscillates with a period equal to the external cycle (T 22h ) (denoted by an alternating white [light phase] and gray [dark phase] band on the actogram), whereas the other is not entrained and free-runs with a period greater than 24 hr ( Ͼ24h ) (denoted by a red line at free-running activity onset on the actogram). A, B, C, and D indicate phases at which animals were sacrificed (see text)
. At the arrow, the animal was released into constant darkness (gray), after which the desynchronized motor activity patterns rapidly fused and returned to a normal circadian rhythm with an intermediate period.
6), the DM/VL ratios were 1.55 Ϯ 0.09 for Per1 and 0.87 Ϯ Per1 hybridization signal confined to the ventrolateral subdivision and high Bmal1 signal restricted to the dor-0.03 for Bmal1 (the 99% confidence intervals of these means were greater and less than 1.00, respectively). somedial subdivision ( Figure 3, left) ; the DM/VL ratio was 0.76 Ϯ 0.06 for Per1 and 1.34 Ϯ 0.09 for Bmal1 (the Thus, under forced desynchronization, two regions within the SCN oscillate out of phase, with mRNAs char-99% confidence intervals of these means were less and greater than 1.00, respectively). The second group was acteristic of day (Per1) and night (Bmal1) simultaneously expressed in ventrolateral and dorsomedial subdivikilled 27.30 Ϯ 0.40 hr after the last light-dark transition, at extrapolated phase "D" (projected night for T 22h but sions (data qualitatively similar to Per1 were obtained for the distribution of Per2 [not shown]). Day and night day for Ͼ24h , n ϭ 5). At this phase, the Per1 hybridization signal was high dorsomedially (Figure 3, right) , with a for the T 22h rhythm correspond to cycling gene expression ventrolaterally, whereas day and night for the Ͼ24h DM/VL ratio of 1.40 Ϯ 0.09 (the 99% confidence interval of this mean was greater than 1.00); Bmal1 showed no rhythm correspond to expression dorsomedially.
Because the preceding experiments were all perregional difference, with a DM/VL ratio of 1.05 Ϯ 0.03. Thus, at least initially, the dorsomedial and ventrolateral formed in the presence of the external 22 hr LD cycle, the T 22h rhythms of motor activity and ventrolateral SCN subdivisions continue their out-of-phase oscillations even in the absence of the LD cycle. It is noteworthy gene expression might represent a passive reflection of the LD cycle (masking phenomenon) and not the manithat previous studies have shown that the return of desynchronized motor activity patterns to a normal circafestation of an entrained oscillator. Evidence against this possibility has been described previously; specifically, if dian rhythm in DD is rapid [6, 7] . Whether some element of masking by the 22 hr LD cycle or a resynchronizing rats in the 22 hr LD cycle are released into constant darkness (DD), their desynchronized motor activity pateffect of an extra-SCN oscillator [8, 9] is responsible for this phenomenon will require further investigation. terns return to a normal circadian rhythm with a phase that can be predicted by the phase of the antecedent 22
The regional patterns of SCN gene expression demonstrated here match the ventrolateral ("core") and dorhr LD cycle [6] . To test the T 22h and Ͼ24h gene expression patterns in the absence of external light, we exposed somedial ("shell") subdivisions of the rat SCN previously defined by regional differences in cytoarchitecture, two additional groups of rats to the 22 hr LD cycle, again recorded significant T 22h and Ͼ24h 
ter-and intradivisional synchronizing mechanisms may
We are aware that a forced desynchronization method has been used to help elucidate the physiology of the be different. The latter might involve gap junctions, which appear to couple neurons within each subdivision human circadian system [25]. In such experiments, one can uncouple the cycle of rest and activity from that of but not between them [19]. Ventrolaterally, intercellular synchronization might also reflect the common input core body temperature by scheduling rest and activity to short or long periods outside the range of circadian (photic) signal conveyed to cells in this subdivision.
We predict that our model provides a unique opportuentrainment. The neural substrate for these effects is unknown, but it is noteworthy that circadian rhythms of nity to functionally dissect the overall output organization of the SCN in intact animals. 
